| INTRODUCTION
In the fall of 2014, A/goose/Guangdong/1/1996 lineage clade 2.3.4.4 highly pathogenic avian influenza (HPAI) A viruses of the H5 subtype were introduced to the North American continent, presumably carried by infected migratory waterfowl, and subsequently isolated from wild birds in Western Canada and the Northwestern United States. [1] [2] [3] [4] Following introduction to the continent, H5N8 clade 2.3.4.4 viruses reassorted with North American lineage avian influenza A viruses (IAV) producing reassortant H5N1 and H5N2 viruses. Genetically, the reassortant H5 viruses combined North American avian PB1, NP, and NA gene segments with PB2, PA, HA, MP, and NS from the Eurasian progenitor H5N8 virus. 1, 5 Previous studies have shown that while North American H5NX viruses are low in virulence properties and non-transmissible in mice and ferrets, they remain highly pathogenic for many avian species. [6] [7] [8] As pigs have been proposed to be more permissive for replication of avian IAV compared to other mammalian species, 9,10 understanding whether H5NX clade 2.3.4.4 viruses can infect and transmit in swine is a primary concern in addressing the risk emerging IAV pose to agriculture and public health.
H1N1, H1N2, and H3N2 IAV are enzootic respiratory pathogens of domestic swine with worldwide distribution, causing mild infection of the upper and lower respiratory tract. In North America, the circulating IAV subtypes H1N1, H1N2, and H3N2 are genetically diverse products of multiple reassortments, combining the viral gene segments of avian, human, and swine influenza lineage IAV. 11 The novel gene con- 
| MATERIALS AND METHODS

| Viruses
| Inoculation of swine
A total of 85 three-week-old weaned pigs were used in this study.
Weaned piglets were purchased from a high-health status herd, free of IAV, porcine reproductive and respiratory syndrome virus, and
Mycoplasma hyopneumonia. Prior to inoculation, pigs were confirmed to be serologically negative for influenza A virus by ELISA for antibodies against IAV nucleoprotein (NP). Fifteen pigs per virus were inoculated intranasally with 10 6 EID 50 of virus in 2-mL Eagle's minimal essential media (Sigma, St. Louis, MO, USA), and 5 naïve animals were housed separately to serve as non-challenged controls. Two days post-infection (dpi), 5 naïve pigs were introduced into the same pen, one for each virus infection group, to serve as targets for direct contact transmission. Nasal swabs from inoculated and contact pigs were collected on 1, 3, 5, and 7 dpi. Five animals from each challenge group were humanely euthanized on 3 and 5 dpi, and three pigs from each group were euthanized on 21 dpi, non-challenged control animals at 5 dpi, and all direct contact animals at 21 dpi.
Blood and whole lungs were collected during necropsy. Two animals from each group were boosted intramuscularly with live virus plus adjuvant (128 HA with Emulsigen D) at 27 dpi and again at 35 dpi with adjuvanted whole inactivated virus preparations (128 HA units with Emulsigen D). All remaining animals were euthanized and blood collected at 42 dpi.
| Virus replication and shedding
Nasal swabs were collected at 1, 3, and 7 dpi from donor, contact, and control animals and stored in 2 mL of minimum essential medium (MEM). Whole lungs were taken from five necropsied pigs at 3 and 5 dpi and from three primary inoculated pigs and all five contact animals at 21 dpi. Lavages were performed on excised lungs using 50 mL of MEM. Broncho-alveolar lavage fluid (BALF) was collected as previously described. 21 Both nasal swab and BALF samples were used to assess the presence or absence of IAV via reverse transcriptase realtime polymerase chain reaction (RRT-PCR) as previously described. 22 Samples positive by RRT-PCR were subjected to virus isolation in embryonated chicken eggs.
| Serological analysis
Seroconversion of challenged and contact animals was assessed using a commercial enzyme-linked immunosorbent assay (ELISA) and the hemagglutination inhibition (HI) assay. Whole blood was collected, and the serum was separated by centrifugation at 290 g for 10 min- Inc., Westbrook, ME, USA).
| Statistical analysis
GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA) was used for statistical analysis of RRT-PCR data. Two-way analysis of variance was used to compare groups. P ≤ .05 was considered to be statistically significant.
| RESULTS
| Viral replication in upper and lower respiratory tract and in trachea explants
Nasal swabs were collected from all experimentally infected pigs on 1, 3, 5 dpi, and BALF was collected from 5 animals at 3 and 5 dpi (Table 1) Virus isolation was attempted on BALF fluid samples, and virus was cultivated from at least one pig from all virus groups of primary inoculated pigs on 3 and 5 dpi (Table 1) .
To further assess the ability of H5NX viruses to replicate in the re- 
| Serology
Serum was collected on 21 dpi in primary pigs and 19 dpc in direct contact pigs and assayed for antibodies against IAV hemagglutinin (Table 3 ).
| DISCUSSION
These studies were undertaken to characterize the replication and 
